Few, if any, published time series studies have evaluated the effects of particulate matter air exposures by combining hospital admissions with medical visit data for smaller populations. We investigated the relationship between daily particulate matter (o10 mm in aerometric diameter or PM 10 ) exposures with admissions and medical visits (emergency room, urgent care, and family practice) for respiratory and cardiovascular disease in Pocatello and Chubbuck, Idaho (population about 60,000), from November 1994 through March 2000. Within generalized linear models, time, weather, influenza, and day-ofweek effects were controlled. In single-pollutant models, respiratory disease admissions and visits increased (7.1-15.4% per 50 mg/m 3 PM 10 ) for each age group analyzed, with the highest increases in two groups, children and especially the elderly. Statistical analyses suggest that the results probably did not occur by chance. Sensitivity analyses did not provide strong evidence that the respiratory disease effect estimates were sensitive to reasonable changes in the final degrees of freedom choice for time and weather effects. No strong evidence of confounding by NO 2 and SO 2 was found from results of multipollutant models. Ozone and carbon monoxide data were not available to include multi-pollutant models, but evidence suggests that they were not a problem. Unexpectedly, evidence of an association between PM 10 with cardiovascular disease was not found, possibly due to the lifestyles of the mostly Mormon study population. Successful time series analyses can be performed on smaller populations if diverse, centralized databases are available. Hospitals that offer urgent or other primary care services may be a rich source of data for researchers. Using data that potentially represented a widerange of disease severity, the findings provide evidence that evaluating only hospital admissions or emergency room visit effects may underestimate the overall morbidity due to acute particulate matter exposures. Further work is planned to test this conclusion.
Introduction
Much of the research into the health effects of daily exposures to particulate matter has used mortality, hospital admissions, or emergency room data in moderate to large cities worldwide (usually greater than 100,000 persons). Studies on these larger populations have produced valuable insights into the health effects of exposure to particulate matter. However, unique air pollution exposure scenarios or population demographic characteristics also need exploring in smaller populations. Moreover, only a few studies have evaluated the effects of particulate matter exposures and visits to a primary care facility. Two studies in London evaluated exposure to particulate matter and daily general practitioner visits for asthma, lower respiratory diseases or allergic rhinitis (Hajat et al., 1999 (Hajat et al., , 2001 . Two other studies (Choudhury et al., 1997; Ostro et al., 1999) evaluated the effects of particulate matter exposures with daily asthma medical visits in Anchorage, Alaska or to primary care clinics in Santiago, Chile, for upper and lower respiratory symptoms.
An assessment of two phosphate processing plants (FMC and Simplot Corporation, Figure 1 ), comprising the Eastern Michaud Flats Contamination Superfund Site, near Pocatello and Chubbuck, Idaho (population B60,000) determined that PM 10 exposures from these plants and from other major sources (wood burning and wind-blown dust) from 1975 to 2000 constituted a public health hazard (ATSDR, 2001) . As a follow-up to this assessment and to address community concerns regarding perceived increases in respiratory (RD) and cardiovascular disease (CVD), several time series analyses were conducted. One of two hospitals that served the community also provided primary care services (two urgent care facilities and a family practice clinic). The authors conducted a time series analysis (TS1) of available data to evaluate the relationship between PM 10 (particulate matter o10 mm in aerometric diameter) exposures with the combined counts of daily admissions and visits to emergency room and urgent care facilities. Family practice data (available after February 1997) was included in a second time series (TS2).
To date, few time-series studies have evaluated air pollution health effects on mortality, hospital admissions, or emergency room visits in smaller communities, possibly due to concerns about limited statistical power. Here, we examine whether such limitations may be overcome by combining databases on hospital admissions with medical visit data, increasing daily counts. This unique approach allows us to examine health effects of PM 10 exposures and RD and CVD on a small population. Moreover, since these data potentially represented a wide-range of disease severity, Effect of PM on lung and heart disease Ulirsch et al.
the study may provide some insights into the particulate matter morbidity burden captured by outpatient data.
Materials and methods

Hospital and Medical Visit Data for Study Population
The Internal Review Board at the Centers for Disease Control and Prevention reviewed the protocol for this study and approved a waiver from the requirement to obtain informed consent, parental permission and HIPAA patient authorization.
The study population was restricted to persons who resided (by street address) in or near the cities of Pocatello or Chubbuck and were admitted for inpatient care or visited the hospital run urgent care or family practice clinics during the study period November 1994 through March 2000.
Family practice visit data for March 1997 through March 2000 did not specify whether a visit was scheduled or unscheduled.
For the main study variables, we summarized the daily admissions and medical visits for RD (International Classification of Diseases, 9th revision (ICD-9) codes 460-519; 786.09 (reactive airway disease); excluding 500-508 for lung diseases caused by external causes) and for CVD (ICD-9 codes 390-429). For the control study variables, we summarized certain diseases of the eye (ICD-9 codes 365-366), gastrointestinal tract (ICD-9 codes 531-536, 537, 540-543, 558 and 574-575) , kidney and urinary tract (ICD-9 codes 590 and 599) and injury and trauma cases (ICD-9 codes E800-E848, E880-E928, and E950-989). The ICD-9 codes for the control variable were chosen because they are not likely related to air pollution. Table 1 provides the summary statistics for the main and control variables.
Only primary ICD-9 codes were counted as a case for the main or control variable analyses. No routinely collected data were available locally to characterize influenza outbreaks. Primary and secondary diagnosis codes for influenza were not counted as a case but were included as a separate influenza indicator variable.
Environmental and Exposure Data for Study Population
Adequate PM 2.5 (o2.5 mm in aerometric diameter) data to conduct a time series analysis were not available for the study period. However, on any given day, sufficient PM 10 data were available from none up to four monitoring stations (Figure 1 ). Most PM 10 data from the monitors were moderately to strongly correlated (R ¼ 0.52-0.87). The least correlated monitors were the sewage treatment plant (STP) and the two Pocatello monitors (R ¼ 0.52-0.60). Nitrogen dioxide (NO 2 ) data were available from one monitor (Garret & Gould (G&G) ). Sulfur dioxide (SO 2 ) data were available from two monitors (G&G and STP). Neither ozone (O 3 ) nor carbon monoxide (CO) data were available from the four monitors. Air pollutant data were obtained from the US Environmental Protection Agency (US EPA) (US EPA, 2002) .
The Chubbuck School (CS) and STP monitors likely represented exposure for Chubbuck and northern Pocatello. The G&G and Idaho State University (ISU) monitors were more representative of exposures in downtown and southern Pocatello (Figure 1) . A person who resided in one part of the study area would have likely worked, shopped, or recreated in other parts; thus, on average, the four monitors likely represent the exposure to the study population. As the STP monitor was not likely a good indicator of exposure to persons living in downtown or southern Pocatello, we excluded days from the analyses where PM 10 or SO 2 data Effect of PM on lung and heart disease Ulirsch et al.
where available from only the STP monitor. Table 2 shows other details of how we determined the final PM 10 and SO 2 exposure metric for any given day.
Summary statistics for the environmental data are presented in Table 3 . Daily weather data were available from the National Weather Service operating at the Pocatello Regional Airport (NCDC, 2003) . Air pollutant data were mostly weakly correlated, with a moderate correlation between PM 10 and NO 2 (R ¼ 0.47). We did not have complete data sets for PM 10 or for the co-pollutants, but it is not uncommon to have missing PM data in time series analyses. The National Morbidity, Mortality, and Air Pollution Study (NMMAPS) database, for example, had air monitoring data available for only 1 in 6 days (Roberts, 2005) . In our study, PM 10 data were available for 81% and 67% of the days for TS1 and TS2, respectively, compared with 17% available data in a 1 in 6 day monitoring schedule. We chose to run the co-pollutant analyses on days that we had concurrent PM 10 , NO 2 , and SO 2 data.
Statistical Analysis of Daily Admissions and Visits with PM Exposures
Although several time series studies in the literature have found statistically significant positive associations with daily counts as low as about 2.0 per day (Gwynn et al., 2000; Stieb et al., 2000; Atkinson et al., 2001) , power was a potential concern in this study. To increase daily counts we chose to evaluate RD, CVD and combined RD/CVD in all ages in both time series. Representing potentially susceptible populations, we also evaluated the effects of PM 10 exposures on children (0-17 years; RD only) and on the elderly (65 þ years; RD, CVD, and RD/CVD). For comparison to the RD results for children and the elderly, we also evaluated effects in non-elderly adults (18-64 years). To increase the daily counts for the CVD analyses, we evaluated two other age groups (30 þ and 50 þ years) in TS2. Separate analyses were performed for the TS1 all-age group during the cool months (October to March) and in the warm months (April to September) to examine if there were any Table 2 . Exposure metric development approach for PM 10 and SO 2 .
Available monitors
Description of approach PM 10 exposure metric 1 Use data from available monitor, except if from STP* since data from this monitor is not likely to represent the exposures to the entire study population. Days when only STP data were available were excluded from the analyses 2 Average two data points 3
Data from nearest monitor to one not available (i.e., STP to CS* or ISU* to G&G*) represented exposures to that portion of the study area and was counted as 50% of the total exposure contribution for that day. This value was then averaged with the mean value from the other two monitors 4
Averaged all four data points SO 2 exposure metric 1 Data excluded because only available for STP monitor and not likely to represent SO 2 exposures to entire community 2 Averaged two data points *STP, sewage treatment plant monitor; CS, Chubbuck school monitor; ISU, Idaho State University monitor; G&G, Garret and Gould monitor. Table 2 for description of approach used to calculate the exposure metric. c Number of days data available divided by total number of days in study (1,978 for time series 1 (TS1) and 1,124 for time series 2 (TS2)). Temperature percentages are based on 1,978 days. Effect of PM on lung and heart disease Ulirsch et al.
seasonal differences in the effect estimates due to PM 10 exposures. We used log-linear generalized linear models (GLM) with natural splines to evaluate the relationship between daily admissions and visits with PM 10 exposures. This approach has been recommended as an alternative to generalized additive models using other smoothing approaches (Dominici et al., 2002a) , but no approach can be strongly preferred over another (HEI, 2003) . The Poisson distribution has been widely used in time series analysis. One assumption of the model is that, at each level of the covariates, the number of cases has variance equal to its mean. If this is not true, then the Poisson model is either over-or under-dispersed (Insightful Corporation, 2001 ). Preliminary analyses indicated the models were over-dispersed; therefore, we choose to use quasi-likelihood to adjust the standard error to account for the over-dispersion.
We varied the degrees of freedom (df), using natural splines, to account for time-varying effects and weather (minimum and maximum temperature and average relative humidity). To ensure that admission and visit peaks were not due to influenza outbreaks, we added a flu indicator variable. During the study period, influenza counts were Z10 on 4 days and 5-9 on 32 days. For the 4 days potentially indicating a severe outbreak, several days before and after these events were included. An additional indicator variable was added for day-of-week effects.
The goodness-of-fit of these base models was evaluated by using the Akaike Information Criteria (AIC) (US EPA, 2004) . Similar to other studies (Lipsett et al., 1997; Prescott et al., 1998) , we also visually inspected autocorrelation function plots to determine the presence of autocorrelation. Once the best-fitting model was determined, single day lags from 0 to 4 were evaluated. To account for consecutive days of high PM 10 levels that have occurred in this community during inversion events, a 0-4 day moving average lag was evaluated.
The Health Effects Institute (HEI) recommends an exploration of the sensitivity of time series models to a wide range of alternative degrees of smoothing and to specifications of weather variables (Dominici et al., 2002b) . Because the ''right'' extent of smoothing is not known, sensitivity analyses are critical (US EPA, 2004) . We conducted sensitivity and co-pollutant analyses at one or more lags, based on which lags indicated the highest effect estimate and lowest two-sided P-values from the base modeling. The sensitivity analyses varied the final df choice for time and weather by dividing or multiplying by a factor of 72-3. The final step was to include the co-pollutants (NO 2 and SO 2 ) individually or together with PM 10 . The lag with the most robust results from the sensitivity and co-pollutant analyses was determined. In the re-analyses of selected particulate matter air pollution time-series studies, HEI (2003) arbitrarily determined that changes in effect estimates Z40% were considered ''substantial''. Those between 20% and 40% to show ''some'' change and those r20% where considered to be ''little to no'' change. Although we did not use the same approach as the HEI, for both the sensitivity and co-pollutant analyses, we did not consider changes in the MPC of r33% to be important. All statistical analyses were performed with S-Plus version 6.1 software.
Results
Respiratory Disease
Particulate matter model results (single-pollutant). For both time series, a lag of 0 days (hereafter referred to as lag 0) for RD admissions or visits produced the most robust results (Table 4) . Effect estimates were calculated as the mean percentage of change (MPC), which is the percent change in the mean number of daily admissions and visits per specified increase in PM 10 levels.
We found a positive association for all age groups analyzed. The MPC per 50 mg/m 3 increase in PM 10 ranged from 7.1% (TS2 all-age group) to 15.4% (TS2 65 þ age group). P-values below or near the 0.05 level were found for all results except for the TS1 65 þ age group analyses (Po0.12), which was reduced to 0.07 in the TS2 65 þ age group analyses. Several within and between age-group specific effect estimate comparisons are notable (see Table 4 for specific age-group MPC values). The MPC increased for the 0-17 versus the 18-64 age groups by 26% for TS1 and 55% for TS2. For the 65 þ versus the 18-64 age groups, the increases were 66% for TS1 and 117% for TS2. When individually comparing the 65 þ and 0-17 age groups across TS1 and TS2, the TS2 MPC values were 21-28% higher than for TS1. The MPC was positive in both the cool and warm season analyses, with larger effects seen in the warm months.
For all 72 lags evaluated for the RD-alone analyses, 79% were positive. Given the number of analyses performed, a multiple-comparison analysis was conducted. The P-value counts in each significance category (r0.01, 40.01 to r0.05, and 40.05 to r0.10) exceeded by about four-fold what might be expected by chance alone.
Co-pollutant Model Results. Multi-pollutant model results for SO 2 , NO 2 , or both with PM 10 are shown in Table 5 . None of the PM 10 MPC values decreased by 433%, except for the TS1 0-17 age group. The inclusion of NO 2 in the 0-17 age group model resulted in a 48% MPC reduction, whereas, including SO 2 and NO 2 into the 0-17 age group model resulted in a MPC reduction of 31%. In two-pollutant models, 55% of the MPCs for NO 2 and SO 2 were negative. Positive MPCs for NO 2 and SO 2 in two-pollutant models had P-values ranging from 0.14 to 0.82. In three-pollutant models, 64% of the MPCs for NO 2 and SO 2 were negative. Positive MPC values for NO 2 and SO 2 in three-pollutant Effect of PM on lung and heart disease Ulirsch et al. models had P-values ranging from 0.16 to 0.93. For TS1 multi-pollutant models, 72% of the PM 10 MPCs were the same or increased. For TS2 multi-pollutant models, all MPCs increased, but were inflated as compared with TS1 results. This may be due to the number of missing days for either PM 10 or co-pollutant data for TS2 versus TS1.
Sensitivity Analysis Results.
The MPC values for most of the age groups analyzed were insensitive to a two-to threefold increase or decrease in the final df choice to model time effects (results not shown). For the TS2 0-17 age group and the combined 0-17/65 þ age group analyses, the MPC was sensitive to decreases in the df used to model time. Whereas, the MPCs for the same age groups in TS1 were insensitive. The MPCs were generally insensitive to changes to the final weather df choice.
Cardiovascular Disease and Combined Respiratory/ Cardiovascular Disease
For the cardiovascular disease-alone analyses, 92% of the MPCs were negative. The positive lags had P-values ranging from 0.54 to 0.88. As no single lag emerged as the most robust, results for all lags are reported ( Table 6) .
As with the RD-alone analyses, the most robust lag for the RD/CVD analyses was zero. Although all the MPCs for the RD/CVD analyses were positive (Table 4) , the magnitude of Effect of PM on lung and heart disease Ulirsch et al.
the MPC was reduced 6-66% as compared with the RDalone analyses. The largest MPC decreases were for the 65 þ age group analyses (50-66%).
Control Variable Results
Excluding the 65 þ age group analyses, 69% of the MPCs analyzed were negative. The remaining positive MPCs were relatively weak (0.10-4.2% per 50 g/m 3 PM 10 ) and had P-values ranging from 0.22 to 0.77. For the 65 þ age group, all of the MPCs were positive (3.2-17.3%) with P-values ranging from 0.06 to 0.66. The 65 þ age group results indicate that the 0-4 day moving average lag was the most robust. The MPC values for the 0-4 day moving average lag ranged from 13.6% to 17.3%, with P-values of 0.06-0.08. For the lag 0 control variable results, 80% of the MPCs were negative. The two positive MPC values ranged from 3.2% to 7.2%, with P-values of 0.24 and 0.66.
The overall pattern of a mostly negative association for the control variable analyses was quite distinct from the mostly positive association found for respiratory diseases, especially for lag 0, the most robust lag seen in the RD and RD/CVD analyses (Table 4) . These results could be due to chance. No positive control variable MPC result achieved a 0.05 significance level. A multiple comparison analysis, at three different levels of significance (as before), indicated that the number of P-values in each of these levels was at or slightly above what may be expected by chance alone given the 60 multiple comparisons. Moreover, four of the significant results were negative.
Discussion
Effect estimates for short-term exposures with respiratoryrelated hospital admissions or emergency room visits for US and Canadian cities fall most consistently in the range of a 2-12% increase per 50 mg/m 3 increase in PM 10 , with some effect estimates for respiratory medical visits ranging up to about 30% (US EPA, 2004) . In this study, the RD alone results for both time series (7.1-15.4% increase per 50 mg/m 3 PM 10 increase) are at the upper end or above the range for studies of admissions and emergency room visits, but below the upper range for other medical visit studies. The RD effect seen in this study is not likely to be driven solely by the risk for a hospital admission or ER visit given that urgent care visits comprised about 50% of the total admissions and visits Multi-pollutant models were not analyzed for the warm season because of the lack of co-pollutant data. for TS1 and that the urgent care and family practice visits comprised about 60% of the total for TS2. A direct comparison of the effect estimate results from this study to other studies is not possible because no studies were identified that combined hospital admissions with emergency room, urgent care and family practice data. Moreover, many of the studies of larger populations were able to evaluate individual RD such as asthma, COPD, etc. Individual RD analyses were not performed for this study because of the potential reduction in power due to small counts per day.
The results provide evidence of a larger risk of a hospitalization or medical visit in children, and especially the elderly, who are potentially more susceptible to the effects of PM 10 exposures. Comparing TS2 to TS1 results, the only MPC value that increased with the addition of family practice visits were for the 0-17 and 65 þ age groups. This may be due to the increased likelihood for a child or a senior citizen to obtain a same-day doctor's appointment since we have no information on which family practice visits were scheduled or unscheduled.
We chose to use two diagnostic tools (AIC and autocorrelation function plots inspection) to optimize the model while testing the sensitivity of this approach to a wide-range of df choices for time and weather. Slaughter et al. (2005) reported that using AIC as a rigid optimization criterion tended to over-fit the time trends, which induced autocorrelation in the residuals. The modeling approach in this study appears to have minimized the residual deviance and autocorrelation since the base models did not show any strong evidence of autocorrelation or pattern in the time series data.
Except for the TS2 0-17 age group and combined 0-17/ 65 þ age group analyses, none of the age group analyses were sensitive to df changes to model time and weather effects. As the pure modeling approach used produced relatively high df choices for time effects (10-28 df/year), an additional sensitivity analysis was performed using only 8 df/year for all the RD GLM models, as was used in Spokane, Washington, by Slaughter et al. (2005) . Using this approach, all of the original MPCs, including the TS2 0-17 and combined 0-17/65 þ age groups, were insensitive to df changes for time effects (Table 4) . These results do not provide strong evidence that the effect estimates, using the modeling approach in this study, were sensitive to reasonable changes to the final time and weather df choice.
Similar to other studies (US EPA, 2004) , the multipollutant analyses of PM 10 with SO 2 and NO 2 produced a ''mixed-bag'' of results regarding the likelihood of confounding by these co-pollutants. Overall, the co-pollutant analyses show that the PM 10 effect is not likely confounded by SO 2 and NO 2 in the model and that SO 2 and NO 2 have no effect. However, the results for the TS1 0-17 age group indicate the potential for confounding by NO 2 . Given the potential for variance inflation in these models from multi-colinearity between PM 10 and NO 2 (HEI, 2003) , we cannot assume that the respiratory effect associated with PM in the 0-17 age group was due to NO 2 .
Although we had no direct measurements of O 3 or CO, we do have some limited, indirect evidence that these co-pollutants were not confounders in our study. Most significantly, the State of Idaho does not consider O 3 or CO to be a problem in the area (Tom Edwards, Idaho Department of Environmental Quality, ''personal communication,'' 2005) . Not having O 3 or CO data to include in the models was a major limitation of this study. However, one of the major strengths of the study was the high percentage of days where we were able to calculate the PM 10 exposure metric (about 81% and 67% for TS1 and TS2, respectively). Moreover, for many other studies in the literature, only one or two monitoring locations provided exposure information for much larger populations and metropolitan areas. For a relatively small community, both in terms of population size and area, the availability of daily PM 10 data from up to four monitoring stations (two in Pocatello and two in the Chubbuck area) was a strength in terms of enhancing the exposure information for this study.
The cardiovascular disease-alone analyses provided little evidence of a positive association with PM 10 . For RD/CVD, in all age groups analyzed, the magnitude of the MPC was reduced as compared with the respective RD-alone analysis. The risk reduction was particularly pronounced in the potentially susceptible 65 þ age group. The positive results for the combined RD/CVD analyses were likely driven by the RD risk.
The findings of no association between PM 10 and cardiovascular disease admissions and visits was not expected given that excess risk estimates from other studies of hospital admissions or emergency room visits in US cities most consistently fall in the range of about 3-9% per 50 mg/m 3 increase in PM 10 , especially in the elderly (US EPA, 2004) . For studies that evaluated total CVD admissions or emergency room visits in all ages, as we did in our study, several researchers (Burnett et al., 1997 (Burnett et al., , 1999 Atkinson et al., 1999; Stieb et al., 2000) found statistically significant excess risk, in single-pollutant models, ranging from 3.2% to 32.5% for a 50 mg/m 3 increase in PM 10 . In another age-group evaluated in our study, Linn et al. (2000) found that persons 30 years and older living in Los Angeles, California, had a 3.3% increased risk of a CVD admission per 50 mg/m 3 increase in PM 10 . One reason for our CVD findings may relate to the lifestyles of the study population, which is estimated to be about 52% Mormon (Robert Chambers, City of Pocatello, ''personal communication, '' 2006) . Members of the Mormon Church advocate abstinence from the use of tobacco, alcohol, coffee, and tea. One study found fewer excess deaths from ischemic heart disease (IHD) among Mormons and a lower death rate from hypertensive disease among Mormon men (Lyon et al., 1978) .
The data sets used for this study contained mostly non-IHD cases (73-83%). Therefore, as discussed by Pope et al. (2004) , there may have been little to no interactive effect between particulate matter exposure and smoking that would increase the risk of non-IHD outcomes. The finding of a possible interactive effect by Pope et al. (2004) was for longterm exposures to particulate matter, not short-term exposures. However, evidence from some studies suggests that short-term exposures to particulate matter may increase the risk in persons and animals with pre-existing cardiovascular disease (Liao et al., 1999; Gold et al., 2000; Peters et al., 2000; HEI, 2000) . Pope et al. (1992) evaluated mortality in Utah Valley in relation to PM 10 exposures from a steel mill. Respiratory diseases accounted for 10% of the deaths while cardiovascular disease accounted for 46% of the deaths during the study period. That study apparently had a larger pool of CVD-related health outcomes (as compared with RD), in a population of 90% Mormons, than did this study. Followup studies in humans and animals indicated that exposure to the filter extracts (rich in transition metals) when the steel mill was operating produced significantly higher markers of an inflammatory response than did exposure to extracts when the steel mill was closed (Dye et al., 2001; Ghio and Devlin, 2001) .
Other studies suggest that the sulfate and transition metal components may play a role in the onset of particulate matter-related CVD outcomes (Burnett et al., 1995; Levy et al., 2001; Sullivan et al., 2005) . The degree to which the sulfate and transition metal composition in the study area affected the CVD results is uncertain. No long-term average sulfate concentrations are available. Limited data indicate that sulfate may be relatively low (about 6%) on ''typical'' days, but on ''high'' days, sulfate increased to about 30% (IDEQ, 2003) . Higher sulfate contributions to PM 10 have been reported during severe inversions in the community (IDEQ, 2000) . The levels and types of transition metals in the study area PM 10 are not well understood.
The primary reason to conduct a control variable analysis was as an internal validity check of the methods used. The results of the control variable analyses provided little evidence of an association between the control variables and PM 10 , especially for lag 0, the most robust for the RD analyses. In general, the methods used for the control variable analyses produced the expected result. Therefore, the findings from the control variable analyses provide support that the methods employed can produce potentially unbiased results.
The findings from this study show that successful time series analyses can be performed on smaller populations if diverse, centralized databases can be identified. The more severe illnesses represented by RD admissions and emergency room visits were unlikely to be the sole driver of the effect observed. The results of this study provide some support to the suggestion by the US EPA (2004) that looking at only hospital admissions or emergency hospital visit effects may underestimate the overall morbidity due to acute ambient particulate matter exposures. Additional analyses are planned to further test this conclusion.
Many more hospitals throughout the US are offering urgent and other primary care to the communities they serve. If researchers can identify hospitals or other major medical centers that offer a range of services, investigations of other smaller communities with unique exposure or population characteristics could be more robust. Moreover, these centralized databases may offer researchers an opportunity to better evaluate the overall morbidity burden of exposure to particulate matter by comparing the risk of a severe illness, represented by hospital admissions and emergency rooms visits, to a less severe illness, potentially represented by urgent care and doctor's visits.
